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MANUAL FOR THE MEASUREMENT AND REDUCTION OF ALLEGHENY RADIAL VELOCITIES 
CLD SYSTEM - 1906-1917 


PUTAS Pe aR ot ast an 


This procedure is basically one of first calculating the radial velocities 
from a table of preliminary wavelengths and screw readings and to then adjust the 
radial velocities and the screw readings and finally the wavelengths, utilizing 
the mean deviations of the individual lines from zero residual. 

The plates were first measured on the small spectrogram measuring engine which 
had a half-millimeter pitch screw. The plate was mounted so that the violet end 
of the spectrum was on the left as seen in the microscope with the emulsion up. 
The weight was on the left and the screw hand wheel on the right. The engine 
was tilted toward the measurer. The plate carriage was shifted back and forth 
and the plate itself rotated and translated until it was horizontal in the eye- 
piece field. Usually this horizontal orientation could be established by means 
of a dust particle on the cross hair or a horizontal reticle at the side of the 
eyepiece field. Once horizontal the plate was set and I¢cked so that 14163 of 
the Ti comparison was at the screw reading 98.61. Measure of the lines then 
commenced from the violet end toward the red, always moving the cross hair onto 
the line from the violet side so as to be raising the weight while setting and “i 
thus remove the backlash from the screw. 

Two settings were made on the upper comparison line and two on the lower. 

The average of these was recorded on the measuring sheet as the "direct" com- 
parison reading. Three settings were made on each measuring sheet as the “direct” 
star reading. The procedure used in setting on the center of the line was to i 
balance the biack on either side of the cross hair for the case of the comparison 


line and to balance the white on either side of the cross hair for the case of 
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the star line. Allowance for grain irregularity would have to be made when 
necessary. 
The procedure, so far, was similar to that of all observatories, however, 


the small .measuring engine was unique in regards to reversal of the plate. Rather 


was revered without it being necessary to touch the plate. 

The measuring engine sat on a wooden base which could be merely turned 
around. The machine was now tilted again toward the measurer. This placed the 
weight at the right and the screw wheel at the left. The readings were repeated 
as before but this time from red to violet and recorded on the measuring sheets 
as "reverse". The chief difference in this respect was that the reversed readings 
were made with the weight rather than against the weight. In other words, rather 
than raising the weight while maxing the setting, the weight is lowered while 
making the setting in reverse. This meant that one side of the screw thread re- 
ceived wear during the direct reading while the other side received wear during 
the reverse reading. Normally. only one side of the screw receives wear when the 
plate is reversed, since the measure is made against the weight direct and re- 
versed. ; 

The early measures, themselves, are probably all right because the half- 
millimeter pitch resulted in a minimum of backlash with a tight nut. The later 
measures (the ones being reduced now) may not be so good since the wear on both 
sides of the thread resulted in the screw wearing out completely by 1917. The 
technique for setting on the ccmparison lines varied somewhat with the measurer. 
Some measurers set on the tips of the comparison lines; some about one third of 
the way from the tip and some on the whole line. The correction applied varied 
from -0.2 km/sec. for a setting on the tip to -0.5 km/sec. for a setting on the 
whole line. . 


We turn our attention now from the measuring technique to the arragnement of 


ig 


than reverse the plate and go through the entire setup procedure, the entire machine 
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the measuring sheet. Two types of measuring sheets were used. The arrangement 


of the data on these.sheets, however, was basically the same for both. 
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Type I was the original measuring sheet in use. Used in 1907, it was re- 
placed by Type II about April 1908. Type II was in use then for the remainder 
of the program. n 

The reduction of the measures to give radial velocity was basically that 
of converting the deviation of the measures from a standard table of measures 


into radial velocity. Schlesinger, as is customary with all observatories using 
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the Standard Table reduction method, had to set up his own table for the Mellon 
Spectrograph. Such a table is dependent on the dispersion of the epectrcatanh 
as well as the characteristics of the prisms, ienses, and other componerts. 

Thus each spectrograph recuires its own table. What Schlesinger did was to take 
four plates during the winter and -our during the summer. The average com- 
parison settings for each of these two series were compared with each other 
using A 4164 for the common setting. The deviation in scale due to the summer- 
winter temperature difference, was found to be very nearly linear. Fitting the 
differences in dispersion to a smooth parabola, he then determined what error 
would be expected by interpolating a star line between two comparison lines on 


the parabola, linearly, rather than along the parabola. 


Stir Line R 


Expected Evver 
Cewp Line RK. 


Ee hy per bela | 
3 The maximum error between two plates was determined from the fact that the 

RS, 2 

% temperature difference here was maximum, he chose the greatest distance available | 
Fe - i: 
a between comparison lines, and assumed the star line to be half way between, This i 
¥ , led to a maximum error of 0.14 km/sec. Since this error was sufficiently small, r 
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he concluded that no sensible error is involved by assuming that, for short dis- 
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- tances, the differences of dispersion may be considered as linear. Schlesinger's a ES 
5 aH al 
linear interpolation method differs from the Standard Table reduction method 2 " : 
a 3 = 
RS commonly used today, in that, now one reduces the star lines to the standard a : 
4 table using a plot of the differences between the measures and the table for 3 s 
z 2 
5 the comparison lines. af a8 
4 Measured -= ae : 
£ Comparison PI < Bog ie pee s3 0 
¢ Lines t iieh aaa ES FE 
Standard “ht 4- Star Lines tye 
% Plate ns Pa Me oo == yp gee =j 3 
2 = i Tg q z 
y - 
‘ vi | 3 
M + bu 
a a as 
2 Wlare length —_> 7 ufave le ngthk—> i | 
4 The difference, then between the reduced setting of the star line and the . 5 
a a #8 
Es standard setting in microns, is converted directly to radial velocity using Z| 
ie dV/ dR vaiues similar to Schlesinger's. In this case, the standard plates were 
a | measured and averaged to determine the standard screw setting for each comparison 3 
Ee. | c SS 
BS | line that was not obviously blended. From these reading$, a Hartmann reduction s 
BS | was used to compute the cbserved wave iengths of the comparison lines. The : 
a B 
| formula used first was FS 
= {a,- 2304.4) ( 211.09 - R ) = [5.3204664] g 
a where Ao = 2304.4, Ro = 211.09, and log c = 5.3204664. These a's were compared ; a 
a x : = 
Be to the Rowland A's and the differences Ad incorporated into the above formula to z 
oe ¥ 
. % 
S reduce the standard settings to the Rowland A system as so: . g 
E (40a - 2304.4) (211,09 -R} = [ 5.320464] 148 
cs - : : . . ‘ i 
2g The constants here were evidently revised about 1907 since the 6 Aquilae 3 2 
g ° reduction as well as al] subsequent reductions used do = 2305.592, Ro = 211.208, i < 
& and Tog c = 5.3206322. Table A and Table B in A.O. Pub?. 2, p. 13-14 list the ae 
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wavelengths of the comparison lines, che normal screw settings of the comparison 


lines, and dV/ the radial velocity corr2sponding to a displacement of one turn 


dR? 
of the screw. 


For each star now the lines to be measured (star and comparison) were chosen. 
The choice generally consisted of ail good star lines and those comparison lines 
which bracketed each star line. A master list of. preliminary wave lengths of 
the star lines was adopted on November 7, 1907, mostly from Rowland's solar wave 
Yengths. A few wavelengths came from other sources such as Hartmann, Frost, Runge, 
and Paschen, etc. Standard screw settings for these star lines were computed 
from the Hartmann formula. These screw settings along with those for the chosen 
compariscn lines were then used to compute once and for all, a table of four 
quantities which were entered on a 3" x 5" card. (A card was made up foreach 


star). These quantities were: 


Rough Setew (R.-R; _ Lie ; ; 


The plates were measured, top and bottom settings on the comparison lines 
and star line settings, both direct and reversed. Each star line was weighted 
on a scale from 1 to 4, depending on how easily and accurately the settings could 
be made. A few weights of 1- were recorded, which have been assigned the value 
3 in these reductions. A well defined line, which was easily bisected and for 
which the three settings agreed very well with each other, was given high weight, 
say 3 or 4. Mean values of the comparison settings and star settings were com- 


puted. Those means on either side of the star line being Ry and Ro and then mean 
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star setting being R. The measured values R - Ry and Ry - Ry were computed for 
: each line and the yelocity of each line, then computed from the formula, 
vg = CUR ~ Ry) = (R~ RY) = ECR ~ Ry) - (RR TKO a 
The weighted average of the line velocities Ve yielded the plate velocity, 
which when corrected for diurnal and annual motion of the earth gave the star 


velocity for the plate. This star velocity was considered a preliminary velocity. 


Now it so happens that the adopted Rowland wavelengths were for the sun at 
very high dispersion. There is no reason to believe that for a star of very dif- 
ferent temperature and pressure, these wavelengths are the same. Moreover, the 
blending ratios will probably be very different and of course, low dispersion 
makes blending much more serious for the case of the Ailegheny spectrograms. 
Hence the adopted Rowland wave lengths should not be the actual wavelengths of 
the star in question at the dispersion used. Each line, therefore, has a wave- 


length error, which should yield a systematic error or deviation from the plate 
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: velocity. Individual deviations in km/sec. were tabulated for each star line for 


all plates of a star and each was multiplied by the weight of the line. Then a 


weighted mean deviation was computed for all plates. This weighted mean was used 
to correct the star line in ques-:. For instance, if 13933 or R= 82.7, we 
derive a mean residual error of -2. «m/sec. Then for each plate, the line 


velocity Ve of \ 3933 is corrected by adding + 2.7 km/sec. Having done this for 


- each line a new weighted mean of the corrected v,'S yielded a corrected plate 
velocity and a corrected, or final star velocity. These corrected entries were 
= made cn the measuring sheets with red ink. The correction for each line was 
also used to correct the adopted Rowland wavelengths to the "true" wavelengths. 
First the screw readings were corrected and then the "true" wave lengths 


were computed for the corrected screw readings. The screw readings were cor- 


rected with the formula, 
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For example for our 13933 Av, = - 2.7 km/sec. and dV = 969 


ri 
-2.7= AR 
$69 TT) 
AR*= -0.0028 
Raorm = 82-7284 
Reeye = 82-7256 


Using R = 82.7256, the Hartmann formula was used to compute the "true” 4 of 3933.789 
( e Aquilae). This procedure was followed for each star line and the results 


published for each star. The result was that each star had slightly different 


sk ed URSA 8 RSI aN eS 


final 4's due primarily to differences in blending. 


A master table of the adopted wavelengths and screw readings and reduction 


One complication in these radial velocities, is the matter of interstellar 
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4 | coefficients follows on the next page. 
H and K lines. While the different character (ie. the sharpness and non-variability) 
| of these lines were recognized in those days, their true nature was not known. 

| It is now known that they originate from absorption in the ground state of 

R ionized calcium atoms in interstellar space and primarily in gas clouds of the 

spiral arms. Velocities derived from them are distinct from the velocity of the 

star and should not be averaged into the plate velocity. In the old measures, 
these were averaged into the plate velocity in many cases. When so done, they 


must be removed from the plate velocities and expressed separately. A list of 


those stars in which H and K is interstellar, follows also. 
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